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PXRD patterns were collected over a 5-60° 2θ range on a STOE Stadi MP diffractometer (in transmission mode) using an image plate detector and focusing Ge(111) monochromator (CuKα 1 radiation, λ = 1.54060 Å). Additional high resolution PXRD patterns for the samples Cu-Co, Zn-Co and CuZn-Co PBA were collected at the I11 beamline (Diamond Light Source, Oxfordshire, UK) using the Mythen2 PSD detector over the range 2-92 °2θ. The wavelength of the radiation was obtained by refining a Si NIST S3 640c standard. Prior to measurements, the samples were finely ground and loaded into borosilicate capillaries (0.5 mm diameter). Pawley refinements of these powder diffraction patterns were performed using the TOPAS-Academic structure refinement software (version 5) [4, 5] . N 2 physisorption isotherms were collected at 77 K on a Micromeritics 3Flex Surface Analyzer. The specific surface area (S BET ) was determined using the BET method (0.05 -0.3 p/p 0 range) and the specific external surface area (S ext ) and micropore volume (V micro ) were obtained using t-plot analysis. Before analyses the samples were after evacuated at 423 K for 16 h. FTIR spectra of KBr wafers (1 wt.% of sample) were collected on a Bruker IFS 66 v/S Vacuum FTIR spectrometer. The acid nature and acid site density were determined by pyridine adsorption followed by FTIR spectroscopy (Py-FTIR) using a Nicolet 6700 FTIR spectrometer. To this end, a self-supporting wafer (~ 10 mg.cm −2 ) was placed in a cell under vacuum and activated at 523
K for 1 h. The cell was then cooled down and the probe molecule was adsorbed onto the wafer at 323 K until saturation (25 mbar). The physisorbed and excess pyridine were removed by evacuation for 30 min before reheating to 423 K to record the IR spectrum. The acid site density was calculated from the areas of the absorption bands around 1450 cm -1 , which correspond to pyridine coordinated to Lewis acid sites and using the integrated molar extinction coefficient from Emeis [6] . High angle annular dark field 
A 3 coupling reaction
Prior to reaction, the catalyst was activated at 353 K under vacuum overnight. Glass crimp cap reaction vials were loaded with 10 mg of the catalyst, phenylacetylene (0.05 mmol), piperidine (0.1 mmol), benzaldehyde (0.1 mmol), 2-butanol (0.5 ml) as solvent (unless otherwise specified) and dodecane (0.1 mmol) as internal standard. The vials were placed in a heated copper block at 383 K and stirred at 500 rpm using a magnetic stirring bar. After reaction, the catalyst was removed by centrifugation and the liquid supernatant was analyzed by GC (Shimadzu 2014 GC equipped with a FID detector and a CP-Sil 5
CB column) and GC-MS (Agilent 6890 gas chromatograph, equipped with a HP-5MS column, coupled to a 5973 MSD mass spectrometer). Recycling test reactions were carried out after recovery and reactivation of the sample before each run. Further reactions varying the initial concentration of phenylacetylene and piperidine were carried out in order to assess the kinetics of the reaction.
S4
Moreover, the effect of the solvent was studied by repeating the reaction using toluene, dioxane and DMSO (dimethyl sulfoxide) as solvents. 
